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gradations as the cells mature from one stage to the next. In the
course of maturation from haemocytoblast to red cell there is : (1) pro-
gressive diminution in cell size ; (2) progressive reduction of nuclear
size with condensation of the chromatin culminating in pyknosis and
ultimate disintegration or extrusion ; (3) progressive loss of the basophil
substance of the cytoplasm and concurrent development of haemoglobin.
In early foetal life the first red cells to become filled with haemo-
globin are very much larger and were called by Ehrlich megaloblasts.
By the fourth month of foetal life megaloblastic haemopoiesis is replaced
by the normoblastic type, but for a considerable time the red cells
are larger than in adult life (macrocytes). There is no conclusive
evidence that the change in the character of foetal blood formation
is related to the effects of the hsematinic liver principle. In post-
natal life deficiency in the supply of the liver principle, however
brought about, leads to a reversion of erythropoiesis to the megalo-
blastic type; development then proceeds from haemocytoblast to
promegaloblast and then successively through basophilic and poly-
chromatic megaloblasts to reticulocytes and megalocytes. These
stages are depicted in 3Tig. 2876.
The characteristic feature of megaloblastic erythropoiesis is that
the maturation processes do not proceed synchronously. It appears
as if lack of the hsematinic principle interferes with nuclear maturation
and reduction in cell size, both of which proceed more slowly than
usual while hsemoglobinisation proceeds at the normal rate. This
results in the appearance of haemoglobin in cells which, judged by their
large size and large finely reticulated nuclei, are very immature, i.e.
are at the stage of development where normally the cytoplasm would
be basophilic and lacking in haemoglobin. As they mature the
cytoplasm becomes more fully hsemoglobinised and the nucleus
becomes smaller and consequently more dense but not to the degree of
the normoblastic series. These large nucleated cells of variable degrees
of maturity are known as hsemoglobinised megaloblasts. It is established
from the results of repeated marrow biopsies in the course of treatment
that megaloblastic marrow rapidly becomes transformed into normo-
blastic marrow when the hsematinic principle is supplied.
When erythropoiesis is hastened, e.g. in the restoration of the blood
cells after haemorrhage, there is a speeding-up of the whole process
and the normoblasts may then show some degree of precocious haemo-
globin.isation. The normal development of the red cells requires the
co-ordinated activities of many other organs and an adequate supply
of all components essential for the formation of haemoglobin; thus
iron, vitamin C and thyroxin are required as well as 'the hsematinic
principle contained in liver. The iron required to replace the haemo-
globin destroyed by the daily wear-and-tear loss of red cells is made
good largely by re-utilisation of the iron from the broken-down
haemoglobin, and the balance required is provided by the iron reserves
and by absorption from the diet. Hynes has estimated the normal